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Method of Controlling Microorganisms in Food Products 

and existing under the laws of the State of 5f2“ ( or wrappers. 
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and existing under the laws of the State of 
Delaware, United States of America, of 6211 
I^mmon Avenue, Dallas, State of Texas, 
United States of America, do hereby declare 
the invention for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

invention relates to a method of con- 
trolling microorganisms in food products and 
tte like that are adversely affected by heat or 
which may contain types of bacteria that are 
not killed or rendered incapable of reproduc- 
pon by reasonable or normal application of 



, — ui pioauuj wrappers, 

bags and cartons, are damaged by heat and/or 
steam pressure, so that such sterilization of 
the product as impractical and harmful bac- 
tena slip by in the packaged product. 

It is also well known that many food pro- 
ducts are over-cooked by the high heat for 
the time necessary to assure sterilization, with 
the result that the taste and quality of the 
product are seriously altered and the product 
berames incompatible for consumption. 

The pasteurizing of beverages, such as milk, 
fnut ) tuces and the like, results in alteration 
of. the flavour. 

Customary methods of sterilization by heat 
also cannot be timed with the processing of 



heat " T 1 “T" 1 umea wren tne processing of 

For example, cereal and pastry products, focilitiS , :onse ^ ntJ y> storage 

to, jrtocw, teens* to fa? i«i«! l IT, 



meat products, products marketed^ under re- 
frigerated conditions, raw products for use as 
angredients in food and other end products, 
as well as many other foods and food pro- 
ducts, have their flavour, quality or usefulness 
senously affected by sterilizing temperatures 
for die tune necessary to guarantee safety of 
sueh products for consumption by the public 
or by a n i m a l s. Also, in many of the products 
used as food, heat has disadvantages when 
used for killing certain types of bacteria or 
even rendering such bacteria incapable of re- 
production. One such product, for instance, 
is bread baked from flour contaminated with 
B. subtUis spores (rope spores). Such spores 
are not affected by normal baking tempera- 
tures, and the bread soon develops a ropey 
condition, often before leaving the grocer’s 
“ unsuitable for consumption. 

While some food products can be satis- 
factorily sterilized by heat and/or steam 
pressure prior to packaging thereof, contami- 
nation can occur immediately prior to or dur- 
ing packaging, consequently, further sterilizing 
is required after packaging to assure complete 
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sufficient period of time to be effective. 

Also, breads are subject to the growth of 
mould spores an^ when contaminated become 
unsalable and must be discarded. 

Refrigerated biscuits are particularly sub- 
ject to deterioration, so that they do not keep 
well in the store; F 

It is an object of the present invention to 
provide a method of sterilizing food products 
that^does not involve the use of appreciable 

According to the present invention therefore 
we provide a method of controlling micro- 
organisms in a foo4 or beverage product, in- 
cluding the steps of packaging the product in 
a dielectric container and exposing the pack- 
Hged product to a field of alterna ting electro- 
mag^tic wave energy having a frequency of 

“TTZP P er at an intensity 

of 500— 3000 volts per centimetre for a suffi- 
cient length of time to attenuate the micro- 
organisms on the product. 

The method of the present invention may 
be used to sterilize foods, food products, 
beverages* fruit juices, and the like, while 90 
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packaged in containers of dielectric nature, 
such as plastics, and which cannot be sub- 
jected to high sterilizing temperatures. 

The specific products as named above are 
5 only a few of the many products that are sub- 
ject to sterilization by the process of the 
present invention, consequently, it is to be 
understood that the invention covers any food 
product or the like that may be subjected to 
10 control, or attentuation, or sterilization of 
microorganisms by imm ersion of the product 
in an alternating electric field of raaio fre- 
quency. 

The (invention contemplates the various ex- 
15 posures of the medium to be treated^ to a 
radio frequency field such as an alternating 
electric field the frequency of which is sub- 
stantially 20 to 40 megacycles per second and 
with an intensity of 500 to 3,000 volts per 
20 centimetre r.m.s. 

In carrying out and proving the invention, 
experiments were performed on pure cultures 
of Lactobacilli and B. subtilis (rope) to show 
the lethal or attenuating effects on such bac- 
25 tcria. 



Pwe Cultures of Bacteria 

Broth cultures of Lactobacilli and B. subtilis 
(rope spores) were diluted 1 : 100 with distilled 
water, and exposed for 3 minutes, 15 seconds 
to produce a final temperature of 180° F. 30 
One undiluted broth culture of Lactobacilli 
was also exposed to a final temperature of 
180° F. (2 minutes). The . electronic equip- 
ment was adjusted to produce an alternating 
electric field whose frequency was 27 mega- 35 
cycles per second and whose intensity was * 
1,000 volts per centimeter rjrus. In the ex- 
periments the potential gradient was gradu- 
ally increased to 1,000 volts per centimetre; 
the overall effect was considerably below the 40 
maximum attainable at a constant potential * 
gradient of 1,000 volts per centimetre. 

Serial dilutions of the test cultures were 
made in order to determine the number of 
living bacteria more accurately after exposure 45 
to the radio frequency field as stated above. 

The controls were not exposed. The results 
obtained were as follows: 



Lactobacilli Control Test Culture 

Dilution Plate Counts 



1 : 100 


TOC* 


110 


1 : 1,000 


TOC* 


20 


1 : 10,000 


700 


0 


B. subtilis 
(rope spores) 


1 : 100 
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1 : 1,000 


TOC* 


5 


1 : 10,000 


800 


0 


Broth Culture . 
of Lactobacilli 


1 : 100 


TOC* 


150 


1 : 10,000 


TOC* 


10 



* Too numerous to count — several thousand. 



50 Further tests conclude that: 

1. Radio frequency fields in the range of 
20 to 40 megacycles and a potential gradient 
of 500 to 3,000 volts per centimeter have a 
very lethal or attenuating effect upon both 

55 Lactobacilli and B. subtilis (rope) bacteria. 

2. The thermal effect does not appear to 
be responsible for the bacteriostatic and/or 
bactericidal effect observed, because a L. sub- 
tilis (spore stage) culture had been exposed 

60 to sterilization at 228° F. (5 P.S.I. steam 
pressure) for 10 minutes prior to development 
in culture media, thus demonstrating that the 
B. subtilis (spore stage) cultures are not des- 



troyed by temperatures in excess of those 
reached in the radio frequency field. 65 

3. The extent of sterilization is clearly in- 
dicated by results obtained for the 1: 100 test 
culture and the broth culture. The plate counts 
show that the exposed cultures were practi- 
cally sterile when compared with controls pre- 70 
pared using the same dilutions of unexposed 
cultures. 

Fruit Flavored Beverages 
Samples of various flavors of fruit-flavored . 
beverages were exposed to radio frequency 75 
fields within a range of 20 to 40 megacycles 
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at 1,000 volts per centimetre for 21 minutes T* 
to a temperature of 180° F. 

served lifiCant dWDges “ ^“aUty were not ob- 



Breai Exposed to a Radio Electric Field 
The following experiments were conducted 
at a constant potential gradient of 1,000 volts 

™rp^? etre ■*“ a ***»«* of approxi- 
23 megacycles per second using bread 
as the product to be treated. 



Test for Rope 

one “P oun d loaves of bread were baked 
wath flour contaminated with B. subtilis (roue 
spores) The experiments were delayed/ and 
a rebake of four additional loaves was made, 
using the same four. Within four days’ in? 
cubanon, the contaminated flour would nor- 
mally produce a ropy condition in bread. Two 
from each bake were used as controls 
and two samples were exposed to the electric 
fidd having the above described, characteris- 
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Results on Rope 



Time Exposed Final Temperature 



Cays Incubated 



25 



30 



35 



40 



45 



50 



1 min., 35 sec. 
35 sec 

1 min., 35 sec. 
1 min., 35 sec 

Controls 



193° F. 
122° F. 

193° F. 
193° F. 



(-) 

(— ) Discarded, 






too mouldy 

& i-i 

Ropy in 4 days 



Tests for Mould 

Four one-pound loaves were also baked 
and heavily inoculated with black bread mould 
spores. Two loaves were exposed to a radio 
frequency field as described, and two loaves 
were used as controls. 

All samples, after exposure, were incubated 

m the proof box at 90—100° F. and a relative 
humidity of 901%. «*«muvc 

Results for Motdd. 

Both controls were heavily moulded in three 
days. The test samples were not moulded after 
Slight moulding occurred after seven 
“25* "* moulding was probably due to con- 
l amina tion during examination. 

Conclusion: Mould spores are greatly rc- 

SS £ Z P 7 and bread ex- 

posed in the radio frequency fidd will not 
develop rope in the time tested. 

Further Tests on Fruit Flavored Beverages 
h-lS®* of W-O “I- orange fruit flavored 
beverag: was placed an each of eight sterile 

OtoBdKrf"! ?‘l tube , was moculated with 
aio mL of a broth culture of Leuconostoc 

h T m - £ COnt P 1 was not 
^posed. The other tubes, with the contents 

nZ™Zin Xp0Sed frc< P len cy fields 

near 20 to 40 megacycles at 1,000 volts per 



<CTUm«re. Following exposure of varying 
1 ^i te ? V ^ S> . aIl< luots of each sample 

2*®. pla ^ to determine the extent of steri- 
lization. TJe pH of the fruit flavored bever- 
age was adjusted to 5.8 prior to plating. 



Seconds Exposed 
3 
5 
10 
15 
20 
25 
35 

Control 



Plate Count 
5 
1 
0 
0 
0 
0 
0 

300 



The results indicate that a 10 second ex-' 

reZrn f frjffowwed beverages is adequate 
to destroy all Leuconostoc mesenleroide/bac- 
tena present. 

A nothw series of tests to show the effect 

rliZ° fr !2 u - en 5 y fields on acetic add bac- 
mal in a fruit flavored beverage was carried 

thesc t ^ StSl , fruit flavored beverage 
moculated with Acetobacter 
acett, and tire same radio frequency and volt- 

^ used “ previously stated. Individual 
Mmples were exposed at different intervals. 
The results obtained are tabulated below: 
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Exposure, Seconds 
1 
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Bacteria Count 



2 

5 

10 

15 

20 

Control, not exposed 



Same as control 
Same as control 
Same as control 
Same as control 

5,000 
90 

40,000 



Conclusion: The general effect on Aceto- 
bacter aceti bacteria in fruit flavored beverages 
begins after 15 seconds exposure. 

5 Tests on Refrigerated Biscuits 

Six cans of biscuits were inoculated with 
Leuconostoc mes enter aides bacteria to contain 

35,000 bacteria per gram. The biscuits could 
not be effectively exposed in the containers 
10 due to the metal foil lining. 

Accordingly, the biscuits from three cans 
were placed in polyethylene bags and sealed 
prior to exposure. 

Two samples were exposed for 2| minutes 
15 (195° F); one sample was exposed 2 minutes 
and 5 seconds (125° F.). 

Plate counts indicated a substantial reduc- 
tion in bacterial count of the exposed samples, 
but an untreated control sample exploded in 
20 approximately 30 hours at 70° F. due to 
Leuconostoc mesenteroides bacteria added. 

It is obvious that B . subtilis spores in 
bread can be reduced to a safe level by an 
exposure or immersion of bread in an alter- 
25 nating electric field of radio frequency. The 
exposure time may be reduced materially by 
selection of the radio frequency, by pulse 
modulation of the radio frequency field, and/or 
variation of the potential gradient The results 
30 do not appear to be due to temperature rise. 
Consequently, B. subtilis and mould spores 
can be reduced to a safe level by exposure 
of the wrapped loaf without affecting the 
wrapper or producing condensate within the 
35 wrapper. 

It is further obvious that fruit flavored 
beverages are thoroughly sterilized for lactic 
acid bacteria at the 10 second exposure level, 
and for acetic acid bacteria at an exposure 
40 level of substantially 20 seconds. The tests 
also show that the process of sterilization or 
bacterial control is readily adaptable to 
carbonated beverages, fruit juices, dairy pro- 
ducts, meat, frozen products, etc. 

45 The observed effect on refrigerated biscuits 
is conclusive as to the desirability of the in- 
vention. 



The invention also further contemplates a 
continuous process of attenuation or steriliza- 
tion on microorganisms in a product by con- 50 
tinuously conveying the product into and from 
an alternating electric field having a radio 
frequency of 20 to 40 megacycles per second . 
and an intensity of substantially 500 to 3,000 
volts per centimetre. The products may be 55 
detained for the brief period of time required 
to effect the desired sterilization or attenua- 
tion. The field might also be of sufficient 
scope so that the product may be continu- 
ously conveyed therethrough at a speed to 60 
expose the product for the required time. 
These features of commercially handling the 
product are important because the short treat- 
ment rime of sterilization permits the process 
to be coordinated with the manufacturing and/ 65 
or packaging operations of the products. 

For example, in the case of bread, the 
wrapped bread is delivered from the bread 
wrapper to and through the zone of the radio 
frequency field, the scope of the radio field 7f 
being determined by the speed of the wrap- 
ping machine, so that the bread will be under 
treatment for the relatively short time required 
to kill bacteria that usually cause spoilage of 
bread, particularly mould and the formation of 75 
rope. 

Likewise, the time of exposure of any pro- 
duct may be regulated by the speed of the 
product and the length of travel through the 
field of exposure. 80 

In the case of the bottling of beverages, 
the travel through the sterilizing zone may be 
such that the product is exposed for the re- 
quired time and will be in coordination with 
the bottling machines. 85 

It is also apparent that control, or attenua- 
tion, or sterilization of microorganisms is de- 
pendent exclusively on the radio frequency of 
the alternating electric field, and not upon 
any heat that may be generated in the zone 90 
of the exposure, so that the product may be 
sterilized without any adverse effects. 

An alternating electromagnetic wave field of 
20 to 40 megacycles per second is appropriate 






Material 


Puncture Voltage 
in volts per mil (0.001 inch) 


Cellulose acetate 


250—600 


Glass 


200 — 250 


Glass, pyrex 


335 


Paper 


200 


Polyethylene 


1200 



■ T ^J refore) the maximum voltage employed 
per^n 1101 ' n0nnaUy be more 1200 vdts 

^ *** packaging material 
3ft* «*» process is a didearic mat- 
oial which is transparent to dectromagnetic 

tf VlSF 87 Up , ' dUeetric fating range 

of 1,000 megacycles or above, and therefore 

““BY’ “ would be 
amefcdor other contatner made of conductor 

didZtJ irtUe ° f t !' e nse of a container of 
non ^ onduc »r material, food mat- 
cooked and uncooked, may be pre- 
packaged and passed through die hid, frl 
quency alternating field, eithlr before J ate 
fre^g or refrigeration, for the desired time 
to sterilize it in the package, without heat 

•**»’ 

important and necessary in recent years due 

of “ sde •«» coSption 

whiS fl rr ft-nL y C0 ° ked f«xis, 

wrnch are frozen or refrigerated for shipment 

remain in such state 
long penods of time before consumption! 
This process permits such foods to befcpt 
Ifri^ 7 J“ hout . dan g« of contamination! 
J 5 P acka ged in a metal container 

45 fnr Si* 6 corner acts as a shield 

and^ ^ frequency , dectromagnetic waves, 

» I 5? er t0 apply die electromagnetic 
energy to the material in the package it would 

hZErV* ^ l °y » wave Sde, in S 
junction with an antenna in the nackaee tn 
the energy to the Fg* £ 

Exampks of types of food products which 
can be proceed by the method of the inven- 
tion, m addition to bakery products, 
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20 
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“rhn a “ d , °* er dairy products, wine, beer, 
carbonated beverages, frozen eees snic« 
meats, dehydrated soups and all type of raw 
mid pre-cooked foods prior to, or after freez- 

Thus, the process, employing dielectric 
packaging maternal permits considerable varia- 
Uon of types ° f wrapping material, shape and 
size of package, condition of the food pro- 
uc 5 y v k ether liquid, solid, frozen or unfrn?^, 
“° k “L or f W ’ - pcrmits die simplification and 
eronomy of equipment, and considerable flexi- 
bility in its operation. 

WHAT WE CLAIM IS : — 
in I' f^ h0d l . 0t controlling microorganisms 
“ . f ° f °l °r beverage produce including the 
steps of packaging the product in a dielectric 
container and exposing *e packaged prodS 
to a field of alternating decteomagnetic wave 
energy having a frequency of 20^40 ^ 
cycles per second at an intensity of 50(L- 

of2ne°ro "T for a sufficient length 
product ^ attenuate d^ microorganisms in the 

4&Z usfsisv.sss 

.“ccp^g to claim 1 or 2 as 
SS “.^cu 118 “ which bacteria are 
present, including passing the packaged hie 

s Jfg aa 

fo^^ n P?Cka ^ ng -,? tep to ex P° se *e biscuits 
l* minutes with an ultimate 
temperature no higher than 90° C 

4. Method according to claim 1 nr ■> 

.ppfed to tab! b3 il 3S B JaZ 

bread* at” prese ^ tj iududing wrapping the 
bread at a wrappmg station and passine the 
wrapped bread through the field a? a LeS 
^parable with the output from the wra£ 
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5. Method of controlling microorganisms in 
a food or beverage product as claimed in claim 
1,. substantially as described. 

6; Food or beverage products which have 
5 been exposed to alternating electromagnetic 
wave energy as described in claim 1 for a 
sufficient length of time to attenuate the micro- 
organisms in the product 
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